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Abstract—Using network analysis, psychologists have already
found the nontrivial correlation between personality and social
network structure. Despite the large amount of empirical studies,
theoretical analysis and formal models behind such relationship
are still lacking. To bridge this gap, we propose a generative
model for friendship networks based on personality traits. To
the best of our knowledge, this is the first work to explicitly
introduce the concept of personality and friendship development
into a social network model, with supporting insights from social
and personality psychology. We use the model to investigate the
effect of two personality traits, extraversion and agreeableness,
on network structure. Analytical and simulation results both
concur with recent empirical evidence that extraversion and
agreeableness are positively correlated with degree. Using this
model, we show that the effect of personality on friendship
development can amount to the effect of personality on friendship
network structure.
Index Terms—modeling, friendship networks, personality
I. INTRODUCTION
Over the past few decades, network analysis in the so-
cial science has experienced explosive growth, and generated
tremendous amount of researches and corresponding insights
[1]. Its increased popularity in psychology have stimulated the
attempt to merge the structural approaches of network analysis
with the individual differences literature [2].
One of the fundamental topics is the relationship between
personality and network structure [2], [3]. For example, re-
search has found that extraversion and agreeableness relate
consistently to personal networks, and openness predicts net-
work diversity [2]. Most of these works are correlational
studies, collecting data from pre-existing social networks,
and utilize statistical tools to find the correlation between
variables. These studies provide the empirical ground for
the relationship between personality and network structure.
However, the theoretical insight behind such relationship is
still lacking. Specifically, there is no formal model to describe
how the relationship is generated in current literature.
Focusing on friendship networks, in this study, we propose
a generative network model for friendship networks with
personality. We theorize that the effect of personality on
friendship development can amount to the effect of personality
on network structure. We further apply the model to investigate
two specific personality traits, extraversion and agreeableness.
The results show that both traits are positively correlated
with degree, a finding supported by empirical evidence, thus
validating the applicability of the proposed model.
The rest of paper is organized as follows. In Section II,
we review the empirical research and formal models about
personality and friendship networks. In Section III, we intro-
duce the concepts and findings from science of personality
and friendship that inspired our model. We then propose and
analyze the model in Section IV. After considering practical
modeling scenario in Section V, the results are validated in
Section VI. We discuss the implication and outlooks in Section
VII and conclude in Section VIII.
II. RELATED WORK
Focusing on personality and friendship networks, in this
section, we first review recent findings from empirical studies.
And then we discuss why existing models are not sufficient to
explain the phenomena observed.
A. Personality and Friendship Networks in Empirical Re-
search
While there is a large amount of literature examining how
personality and social networks are intertwined, we focus
on representative ones to gain more insights. [3] used data
from 138 independent samples to conduct meta-analysis,
finding that self-monitoring predicts in-degree centrality in
both expressive and instrumental networks. [2] reviewed 30
articles, concluding that extraversion and agreeableness are
consistently related to personal but not workplace networks,
openness is predictive of network diversity, and conscientious-
ness is associated with maintaining certain personal networks.
Specifically, there is also literature that explicitly focused
on friendship networks. For example, [4] used the friendship
network of an incoming cohort of students, showing that
extraverts accumulate more friends than introverts do; [5] col-
lected sociometric nominations and selfratings on personality
traits during the first year of university, concluding that an
individual who is high on extraversion has higher out-degree,
and an individual who is high on agreeableness has higher
in-degree. Combining with other studies [6]–[10], in short,
we can conclude that both extraversion and agreeableness are
correlated with degree in friendship networks. This finding
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is also consistent with the result for general social networks
summarized by [2].
B. Model of Friendship Networks and Models with Personality
There have been several works addressing the model of
friendship networks. [11] proposed an agent-based model for
structuring of friendship networks in a campus-like fixed
setting, with friendship formation based on the frequency of
encounters and mutual interest, to produce self-organized com-
munity structures. [12] proposed a game-theoretic framework
for friendship to understand the racial segregation in friendship
networks. While there is plenty of research concerning friend-
ship networks, none of them has incorporated personality.
To the best of our knowledge, the only generative model
for social networks with personality was proposed by [13].
However, the model was proposed under the context of animal
social networks with only one personality considered, namely
boldness. Human social networks are expected to be different
from animal social networks [14], and boldness is not even
included as primary trait in human psychology [15].
In conclusion, to the best of our knowledge, there are no
existing models suitable to study human friendship networks
with personality. Intended to bridge this gap and explain
the observed correlation between personality and network
structure theoretically, we propose a generative model and
show that the microscopic difference in friendship formation
can amount to the observed results.
III. SCIENCE OF PERSONALITY AND FRIENDSHIP
Personality and friendship have been two persistent topics
of interest throughout history. Both of them have stimulated
profound discoveries about human life and established multi-
farious schools of thoughts. While these two topics are studied
separately most of the time, the interdependence has been
investigated only recently [16].
A. Personality
Within psychology, personality is a set of psychological
traits, which contribute to the enduring and distinctive pat-
terns of feelings, thoughts, and behaviors of individuals [17].
Among various paths toward the understanding of personality,
the Five Factor Model (FFM) is a widely accepted model,
using five orthogonal dimensions to explain or even predict
individuals’ feelings, thoughts and behaviors [15]. The Five
Factors or the Big Five traits are Openness, Conscientiousness,
Extraversion, Agreeableness, Neuroticism [15].
Openness (O) describes the tendency of having wide inter-
ests and being imaginative, curious, and artistic [15]. Consci-
entiousness (C) is considered to be a dimension that holds im-
pulsive behaviors in check, organizes the behaviors, and makes
people behave thorough, well-organized, and achievement ori-
ented [15]. Extraversion (E) is characterized by being cheerful,
talkative, sociable, and motivated to engage in interpersonal
interaction [18], [19]. Agreeableness (A) is a dimension about
being warm, caring, altruistic, and easy to go along with [18].
Neuroticism (N) represents the tendency to experience distress
Personality
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Fig. 1. Visual illustration of the hierarchy of Five Factor Model. The image
is drawn according to Costa and McCrae’s assessment [18].
and negative affect, and in the cognitive and behavioral style
following [15], [18].
Beside the above description, the five traits can also be
evaluated more deliberately by using more specific constructs,
facets. The hierarchy of personality trait, including five do-
mains and the corresponding facets, is shown in Fig. 1.
B. Friendship
With the definition proposed by Dunbar, friends are the
people who share the lives in a way that is more than just the
casual meeting of strangers [20]. One important thing to note is
that friendship is not static. Instead, friendship is dynamic and
changes over times [21]. The course of friendship change can
be roughly summarized by the following phases: formation,
maintenance, and possibly dissolution [21].
At the beginning of friendship, the formation phase, two
strangers become acquainted to each others, through either
face-to-face encounter or other means. The two individuals
develop connection and identify each other as friend.
After the two formed the relationship, the course of friend-
ship enters into another phase. In the maintenance phase,
people adopted different ways to sustain their interest and
involvement. Conflicts may arise because of various external
and internal factors, which require volition to reconcile. In
some relationship, the people involved fail to reconcile the
conflicts or loss their interests in maintaining the connection,
which leads to the dissolution of friendship.
C. Interdependence of Personality and Friendship
As already shown, many facets in personality reflect the
individual difference in social behavior. It is not surprising to
find out that personality and friendship are intertwined.
Generally, extravesion and agreeableness both have a pos-
itive effect on friendship development [16]. Extraversion is
associated to being liked more at low level of acquaintance,
initialization; t = 0
round t
friendship formation
at zero acquaintance
friendship dissolution
friendship formation
after interactions
t = t+ 1
probability cγ
probability cβ probability cα
repeat for t = 1 : T
1
Fig. 2. Visual illustration of the high level description of the proposed model.
more comfortable when interacting with strangers, and believe
that they are likable [22]. Agreeable people are better liked
than the disagreeable after interactions [22]; when there is at
least one person in relationship high on agreeableness, both are
more likely to feel comfortable and use constructive strategies
to reconcile conflicts [22].
Research suggested that being emotionally unstable is
problematic in friendship maintenance [16]. People high on
neuroticism anticipate negative outcome in maintenance, and
feel less secure. Neuroticism is associated with excessive
reassurance-seeking, which might lead to relationship degra-
dation [23]. Compared to other three factors, there is little
evidence concerning the roles played by conscientiousness and
openness to experience in friendship [16].
IV. GENERATIVE MODEL FOR FRIENDSHIP NETWORKS
WITH PERSONALITY
We propose a generative network model for friendship
networks with personality. The governing rules in this model
are formulated based on the discovery from psychology of
personality and friendship: how each agent forms or dissolves
friendship will depend on one’s own personality and other’s.
The proposed model can be viewed as an extension of growing
network models with heterogeneity [24].
A. Model Formulation
The formulated model will generate a sequence of undi-
rected simple networks. Starting from an initial network, in
each round, the model will do one of the three subroutines:
adding a new node and forming edges from the new node
(α), forming edges between existing nodes (β), and dissolving
edges between existing nodes (γ). Fig. 2 illustrate the high
level description of the proposed model.
The probability distribution governing which edge to form
or dissolve is determined by agents’ personality and their
degree. Formally, the following elements define the models.
1) P is an arbitrary space. The elements p are referred as
the agents’ personality.
round t
Add a vertex vx with
personality px ∼ ρ (·).
Select vi with prob. ∝
piα
(
v
(t−1)
i , v
(t−1)
x
)
,
create edge (vx, vi).
Select a vertex vx uni-
formly from V(t−1).
Select vi with prob. ∝
piγ
(
v
(t−1)
i , v
(t−1)
j
)
,
remove edge (vx, vi).
round t+ 1
Select a vertex vx uni-
formly from V(t−1).
Select vi with prob. ∝
piβ
(
v
(t−1)
i , v
(t−1)
x
)
,
create edge (vx, vi).
prob.= cγ
prob.= cβ prob.= cα
repeat mα(px)repeat mγ (px) repeat mβ(px)
1
Fig. 3. Visual illustration for modeling process at round t, where we
use “prob.” as a shorthand of “probability”, and “∝” as a shorthand of
“proportional to”.
2) ρ is a real non-negative function with unit measure over
P , which is the probability distribution of personality in
the corresponding population.
3) cα, cβ , and cγ indicates the probability that subroutine
α, β, and γ occur at each round.
4) piα, piβ , and piγ are (P × N)2 → R+ functions . These
functions are used to describe how the personality of the
engaged individual affect their difference in friendship
formation and maintenance.
5) mα, mβ , and mγ are P → N functions. Same as
previous elements, these functions are used to model
agents’ difference in friendship development.
In the generated undirected simple graph G(t) = (V(t), E(t))
after round t, each node vi ∈ V(t) is associated with personal-
ity pi ∈ P , assumed to be fixed during the evolution of model.
We sometimes overload the notation v(t)i to denote the tuple
(pi, ki (t)), where ki (t) is the degree of vi at the end of round
t. The network evolution is governed by the following rules.
1) The process starts with initial state (at round 0) com-
posed of N0 agents and L0 links, with arbitrary person-
ality pi ∈ P .
2) At each round t (from 1 to T ), models will enter into
three possible subroutines, with probability (cα, cβ , cγ):
Subroutine α: agent addition and friendship forma-
tion at zero acquaintance
With probability cα, a new agent vx with mα(px) links
attached is added to network. The newly added agent
is randomly assigned a personality configuration px
according to distribution ρ.
Repeated for m(px) iterations, a node vi in V(t−1) is
selected in each iteration with probability proportional
to piα
(
v
(t−1)
i , v
(t−1)
x
)
, and the edge (vx, vi) is formed.
This subroutine models that when newcomers enters into
a society, they may form friendship with others at zero
acquaintance.
Subroutine β: friendship formation after interactions
With probability cβ , an existing node vx ∈ V(t−1) will
be selected uniformly at random.
Repeated for mβ(px) iterations, a node vi in
N (t−1) (vx) = V(t−1) − N (t−1) (vx) is randomly se-
lected in each iteration, with probability proportional to
piβ
(
v
(t−1)
i , v
(t−1)
x
)
, and the edge (vx, vi) is created.
This subroutine models that for agents already existing
in the society, they might still make friends with ac-
quainted others.
Subroutine γ: friendship dissolution
With probability cγ = 1 − cα − cβ , an existing node
vx ∈ V(t−1) will be selected uniformly at random.
Repeated for mγ (px) iterations, an node vi in
N (t−1) (vx), the neighborhood of vx, is randomly se-
lected in each iteration, with probability proportional to
piγ
(
v
(t−1)
i , v
(t−1)
x
)
, and the selected edge (vi, vj) is re-
moved. This subroutines models the potential friendship
dissolution: after the friendship is formed, friendship
might dissolve upon failures in maintenance.
Fig. 3 shows the modeling process in each round t, and the
corresponding subroutines.
Note that the three subroutines do not directly correspond
to the three phases in friendship development [21]. We use
Subroutine α and Subroutine β to model friendship formation
in two different scenarios; by doing so, we can distinguish the
characterization of likability of people at zero acquaintance
and after interactions [22], [25]; we use Subroutine γ to model
the dissolution upon failure in maintenance; by doing so,
we can model the difference in conflict management during
maintenance [16].
For the ease of further analysis, we can relax the model to
undirected weighted graph. The relaxed model is defined by
the same elements as in original model, with matrix W (t)
relacing E(t). The matrix W (t) records the edge’s weight
between arbitrary two nodes after round t. With this adaption,
between all pairs of node, the corresponding weights are
initialized to 0. Degree is defined as the sum of associat-
ing weights. Edge addition and edge removal becomes the
incremental and decremental of corresponding weights. All
procedures parallel the ones specified before, with V(t−1)
replacing both N (t−1) (vx) and N (t−1) (vx).
B. Analysis
To grasp the behavior of proposed model, we analytically
derive the equilibrium. Since the stochastic model is hard to
analyze, we adopt mean-field approximation from statistical
physics [24]. The mean-field rate equation goes as
Nk (p, t+ 1) (1)
= Nk (p, t) + δk,mα(p)cαρ (p) + cα∆α + cβ∆β + cγ∆γ ,
where Nk (p, t) denotes the expected number (or expected
density) of node with degree k and personality p right after
TABLE I
SYMBOLS AND NOTATIONS
P space for personality
ρ probability distribution of personality
cα, cβ , cγ probability for each subroutines to occur
piα, piβ , piγ personality-degree-dependent preference function
mα,mβ ,mγ function for number of edges added or deleted
p (or q) personality
k (or l) degree
Nk (p, t) expected number (density) of node with (k, p)
δk,mα(p) Kronecker delta: δk,mα(p) = 1⇔ k = mα (p)
∆α,∆β ,∆γ expected change on Nk (p, t) from subroutines
round t; ∆α, ∆β , and ∆γ denote the expected effects from
three subroutines; δk,mα(p) is a Kronecker delta function.
We summarize the symbols and notation used in Table I.
To illustrate how to analyze the model, we begin with some
specific cases.
1) Edge changes come only from newcomers and are inde-
pendent of degree: We consider a simplest case for analysis
by setting cβ = cγ = 0, that is, friendship formation after
interactions and dissolution never occur.
We assume that piα is independent of degree,
piα ((p, k) , (q, l)) = σα (p, q) , ∀k, l ∈ N,
that is, we drop the arguments of degree and preserve only the
arguments for personality.
Then we have
∆α =
∑
q∈P
σα (p, q) [Nk−1 (p, t)−Nk (p, t)]∑
r∈P σα (r, q)
∑
l∈NNl (r, t)
ρ (q)mα (q)
=
Nk−1 (p, t)−Nk (p, t)
cαt
∑
q∈P
σα (p, q) ρ (q)mα (q)∑
r∈P σα (r, q) ρ (r)
.
(2)
For simplicity, let
A (p) =
∑
q∈P
σα (p, q) ρ (q)mα (q)∑
r∈P σα (r, q) ρ (r)
, (3)
Plugging (2) into (1) with cβ = cγ = 0, we get
Nk (p, t+ 1) = Nk (p, t) + δk,mα(p)cαρ (p)
+
(
Nk−1 (p, t)−Nk (p, t)
t
)
A (p) .
Substituting the normalized nk (p, t) =
Nk(p,t)
cαt
, which is
the degree-personality joint distribution, we have
nk (p, t+ 1)
(
1 +
1
t
)
= nk (p, t) +
δk,mα(p)ρ (p)
t
+
(
nk−1 (p, t)− nk (p, t)
t
)
A (p) .
For thermodynamic limit nk (p) = limt→∞ nk (p, t), the
rate equation becomes
nk (p) = (nk−1 (p)− nk (p))A (p) + δk,mα(p)ρ (p) .
Solving the recurrence subjected to boundary condition,
nk (p) =
ρ (p)
1 +A (p)
(
A (p)
1 +A (p)
)k−mα(p)
. (4)
Note that we can also write down degree distribution
conditioned on personality as
n (k|p) = nk (p)
ρ (p)
=
1
1 +A (p)
(
A (p)
1 +A (p)
)k−mα(p)
,
which is a shifted geometric distribution.
Hence, we can write down the expected degree conditioned
on personality,
E [k|p] = A (p) +mα (p) . (5)
2) Edge changes come from all three subroutines and
independent of degree: We consider a more complicated case
build on the foundation in Section IV-B1.
We assume that piα, piβ , and piγ are all independent of
degree, replaced by σα, σβ , and σγ with domain P2, dropped
the arguments of degree.
We proceed further by considering the model on weighted
graph. ∆α is the same as in (2), while
∆β =
Nk−1 (p, t)−Nk (p, t)
cαt
B (p) , (6)
∆γ =
Nk (p, t)−Nk−1 (p, t)
cαt
(−Γ (p)) , (7)
where we simplify the expression by letting
B (p) =
∑
q∈P
σβ (p, q) ρ (q)mβ (q)∑
r∈P σβ (r, q) ρ (r)
+mβ (p) , (8)
Γ (p) =
∑
q∈P
σγ (p, q) ρ (q)mγ (q)∑
r∈P σγ (r, q) ρ (r)
+mγ (p) . (9)
Note that the form of (6) and (7) are possible due to the
model formulation on the weighted graph.
Plugging in all the components into (1), with the procedure
similar as before, we have
− δk,mα(p)ρ (p)
=
(
A (p) +
cβ
cα
B (p)
)
nk−1 (p) +
cγ
cα
Γ (p)nk+1 (p)
+
(
−A (p)− cβ
cα
B (p)− cγ
cα
Γ (p)− 1
)
nk (p) , (10)
which is a second-order linear recurrence relation. Since ho-
mogeneous linear recurrence relation is easily solvable given
numerical value, we skip the closed form solution here.
TABLE II
MODELING SPECIFICATION
Space and Distribution for Personality
P = [−1, 1]
ρ (p) = 1
2
,∀p ∈ P
Modeling the Effects of Extraversion
piα ((p, k) , (q, l)) = c0p+ c1 c0 > 0, c1 ≥ c0
piβ ((p, k) , (q, l)) = c2 c2 ≥ 0
piγ ((p, k) , (q, l)) = c3 c3 ≥ 0
mα (p) = c4 c4 > 0
mβ (p) = c5p+ c6 c5 > 0, c6 ≥ c5
mγ (p) = c7 c7 ≥ 0
Modeling the Effects of Agreeableness
piα ((p, k) , (q, l)) = c0 c0 ≥ 0
piβ ((p, k) , (q, l)) = c1p+ c2 c1 > 0, c2 ≥ c1
piγ ((p, k) , (q, l)) = c3p+ c4 c3 < 0, c4 ≥ −c3
mα (p) = c5 c5 > 0
mβ (p) = c6 c6 > 0
mγ (p) = c7p+ c8 c7 < 0, c8 ≥ −c7
V. CASE STUDIES: EXTRAVERSION AND AGREEABLENESS
In this section, we consider how to practically model the
effect of personality on friendship networks. We treat the effect
of each traits separately in the following subsections.
A. Modeling the Effects of Extraversion
In this section, we discuss the modeling with regard to one
of the most dominant personality trait, extraversion.
We specify the components of the modeling as in Table II,
which are consistent with the results summarized by Harris and
Vazire [16]: extraverts are more attractive at zero acquaintance;
extraverts are more likely to engage in social interactions
which provide them the opportunity to meet new friends.
Plugging into (3), (8), and (9), we can get the expression of
A (p), B (p), and Γ (p) to solve (10). Since the closed form
solution is formidable, we consider a special case for cβ =
cγ = 0. With (4), we have the degree-personality distribution
as
nk (p) =
c1
c1 + c4c0p+ c4c1
(
c4c0p+ c4c1
c1 + c4c0p+ c4c1
)k−c4
.
(11)
As shown in (5), the degree expectation conditioned on
personality is
E [k|p] = c4 (c0p+ c1)
c1
+ c4. (12)
Computing the derivative of (12) , we have
∂
∂p
E [k|p] = c4c0
c1
> 0. (13)
Hence, in the generated network, the expected degree is
increased with the level of extraversion, which is consistent
with many empirical results found [4], [6].
B. Modeling the Effects of Agreeableness
In this section, we consider another significant dimension
in friendship, the agreeableness.
Similar as in Section V-A, we specify the modeling com-
ponents as in Table II, which is consistent with the results
summarized in [16]: agreeable people are better liked after
interacting with others; friendship with agreeable people par-
ticipating is more satisfying; agreeable people conflict less and
are better skilled at handling conflicts.
Similarly, with (3), (8), and (9), we have expression of
A (p), B (p), and Γ (p), enabling us to solve (10) numerically.
To gain further insight, we consider a special case such that
cγ = 0. Under such condition, (10) will be reduced to first-
order form and easily solvable. The solution is
nk (p)
=
ρ (p)
1 +A (p) +
cβ
cα
B (p)
(
A (p) +
cβ
cα
B (p)
1 +A (p) +
cβ
cα
B (p)
)k−mα(p)
.
(14)
And the expected degree conditioned on personality is
E [k|p] = A (p) + cβ
cα
B (p) +mα (p)
=
cβc6c1
cαc2
p+ 2
(
cβ
cα
c6 + c5
)
, (15)
by substituting the specified components.
Computing the derivative of (15), we have
∂
∂p
E [k|p] = cβc6c1
cαc2
> 0. (16)
That is, agreeable people have larger expected degree than
the disagreeable, consistent with findings on the relationship
between agreeableness and social networks [7], [8].
VI. MODEL EVALUATION
Following our modeling and analysis in Section V, we
validate and discuss the implication of our case studies in this
section.
A. Numerical Simulations
To validate our analytically derived results in Section V-A
and V-B, we simulate our models numerically.
The simulation programs are implemented with Python
programming language and network manipulating package
graph-tool [26], along with other packages for numerical
computation and visualization .
To enabling the numerical simulation, all the abstract com-
ponents described in Section V-A and V-B have to be substitute
with numerical values. For all the simulation, models are
initialized as a random graph with N0 = 15 and L0 = 30. For
modeling-specific parameters and components, we summarize
the specifications for simulation in Table III.
TABLE III
SPECIFICATION FOR NUMERICAL SIMULATIONS
Section piα piβ piγ mα mβ mγ
VI-B p+ 1 2 2 10 3p+ 3 3
VI-C 1 p+ 1 −p+ 1 10 3 −2p+ 2
(a) Estimated by simulation
(b) Predicted by derivation
Fig. 4. Estimated and analytically derived degree-personality density.
Each simulation takes T = 10000 rounds; for each model-
ing, we run simulations for 10 times in order to investigate the
expected behavior of the models. We examine the estimated
degree-personality joint distribution and degree expectation
conditioned on personality. For estimating distribution, all the
degree-personality pairs collected are used, with Gaussian ker-
nel density estimation. For degree expectation estimation, we
apply running average along the personality axis to compute
the degree expectation conditioned on personality.
B. Simulating the Effect of Extraversion
To validate our modeling for extraversion in Section V-A,
we outline our simulation results below, with (cα, cβ) = (1, 0).
For degree-personality joint distribution, we compare the
estimated density and the derived distribution in Fig. 4. The
distribution is analytically derived in (11), under cβ = cγ = 0.
Neglecting the margin, it can be seen that the simulation result
is approximately aligned with the derived analytical results.
On the other hand, the estimated degree expectation con-
ditioned on personality is plotted in Fig. 5, along with the
analytical prediction derived in (12).
As visually illustrated in Fig. 5 and claimed in Section
V-A, in our model, agents’ expected degrees are increasing
with their levels of extraversion. This result is consistent with
empirical evidences [4], [6].
Fig. 5. The estimated degree expectation conditioned on personality along
with the derived analytical prediction. The curve is estimated by taking
running average with window size W = 3000.
(a) Estimated by simulation
(b) Predicted by derivation
Fig. 6. Estimated and analytically derived degree-personality density.
C. Simulating the Effect of Agreeableness
Similarly, we illustrate our simulation result to validate how
we model the effect of agreeableness in Section V-B, with
(cα, cβ) = (0.4, 0.6).
The degree-personality joint distribution and expected de-
gree conditioned on personality are shown in Fig. 6 and Fig.
7, respectively, both show their consistency with analytical
prediction made in (14) and (15).
As visually illustrated in Fig. 7, the degree expectation also
tend to arise with agents’ levels of agreeableness. Although
the effect size might not be large compared to extraversion,
this tendency was indeed found in some empirical researches
[7], [8].
VII. DISCUSSIONS
In this sections, we discuss how our results are consistent
with existing literature, and also the limitation and potential
further investigation of this study.
Fig. 7. The estimated degree expectation conditioned on personality along
with the derived analytical prediction. The curve is estimated by taking
running average with window size W = 6000.
TABLE IV
SUMMARIZED EMPIRICAL STUDIES
Study Resultsa Relationship Type Sampleb
[4] E+ Friends Graduate Students (US)
[5] E+, A+ Friends College Students (NL)
[6] E+ Relatives and friends Adults (NL)
[7] E+, A+ Social support College Students (US)
[8] E+, A+ Close others High school (DE)
[9] E+ Important contacts College Students (IL)
[10] E+, A+ Friends, advice Young adults (US)
a‘E+’ and ‘A+’ indicates that degree is found to be positively correlated
with extraversion and agreeableness, respectively.
bcountries represented by ISO 2 letter code.
A. Consistency with Empirical Research
We have provided short examples on using our proposed
model to study how the effect of personality on the friendship
developments lead to the effect of personality on positions in
networks. We also predicted that both extraversion and agree-
ableness are positively correlated with degree in friendship
networks in Section V and VI.
There have been lots of research discussing how the per-
sonality and network structure or position are correlated [2].
For example, Table IV summarizes some prior works showing
that extraversion and agreeableness are positively correlated
with degree, which is captured by the prediction made by our
models proposed.
While there are research endeavors showing that extraver-
sion and agreeableness are not positively correlated with
degree [27]–[29], most of them were not concerned with
friendship networks, but dealing with other kinds of social
networks instead. Since our modeling is based on the interde-
pendence between friendship and personality, it is possible that
our modeling in Section V cannot predict how personality and
network structure are correlated outside the scope of friendship
networks.
It can be concluded that our modeling indeed captures
how dependence of friendship development and personality
leads to the meso-level patterns in social networks, which are
supported by the empirical researches listed in Table IV.
B. Outlooks
In Section IV, we analyze the model behavior when the
model specification is satisfied with certain constraint. An
analytical solution with regard to the most general model
will be more desirable, which might be a promising future
direction.
In Section V, we specified the model components using
linear and constant functions consistent with existing results.
It is desirable to further estimate such functions empirically
by well-designed psychological studies.
The results of our modeling were validated qualitatively
by existing studies (summarized in Table IV); if more data
about personality and friendship is available in the future, it
is possible to further evaluate the prediction. On the other
hand, we only considered the correlation between degree
and personality when evaluating our results in Section V. A
potential next step is to take higher-order network measures
into consideration
VIII. CONCLUSIONS
In this study, we propose the first mathematical model
of human friendship networks with personality. Preliminary
analytical results were provided and some practical modeling
scenarios were considered, with both analytical and simulation
results. By using the proposed model, we show that the effect
of personality on friendship development can aggregate to the
effect of personality on friendship network structure. We hope
this study will stimulate more research to investigate about the
interplay of personality and friendship, with perspectives from
network science specifically.
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